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/ Optical apparatus, comprising: 

/ an input optical path carrying an input light beam modulated by an input carrier signal 
adulated by an information signal, the input carrier signal having a radio frequency; 

an output optical path carrying an output light beam modulated by on output carrier signal 



>im: 



modulated by the same information signal as the input carrier signal, the output carrier signal having 
a higher radio frequency than the input carriar signal; and 

optical up-converter means for converting the input light beam carrying the input carrier 
signal carrying the information signal into the dutput light beam carrying the higher frequency 
10 output carrier signal carrying the same information signal. 

2. The apparatus of claim 1 in whichA 

the apparatus further comprises: an input coVipler for connecting an input optical fiber to the 
5 input optical path; and an output coupler for connecting an output optical fiber to the output optical 



a wavelength of the input or output light beamais between 1220 and 1360 nm or between 
1480 and 1620 nm; \ 

a radio frequency of the output carrier signal is atMeast approximately 2 times higher than a 
radio frequency of the input carrier signal; \ 



J the radio frequency of the output carrier signal is betWeen approximately 200 and 1300 MHz; 

1 the radio frequency of the output carrier signal is mora than approximately 40 times higher 

* than the frequency of the input carrier signal; \ 

the radio frequency of the input carrier signal is approximately between 5 and 65 MHz and 

25 the radio frequency of the output carrier signal is approximately between 300 and 1000 MHz; 

the optical apparatus further comprises one or more additional input optical paths providing a 
plurality of input optical paths carrying respective input light beams modulated by respective input 
carrier signals modulated by respective information signals, the respective input carrier signals 
having radio frequencies; and the optical up-converter means convertVhe plurality of the input light 

30 beams carrying the input carrier signals carrying the information signak into the output light beam 
carrying the higher frequency output carrier signals carrying the same information signals; 



45 path; 



So 



the radio frequency of the input carrier signal is belAw 100 MHz and; 
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the optical apparatus further comprises one or more additional output optical paths providing 
a plurality of output optical paths carrying respective output light beams modulated by respective 
output carrier signals modulated by the same information signals as corresponding input carrier 
signals, the respective output carrier signal^ having a higher radio frequency than the corresponding 
input carrier signals; and 

the optical up-converter means convert the plurality of the input light beams carrying the 
input carrier signals carrying the information Wnals into the plurality of output light beams carrying 
the higher frequency output carrier signals carrying the same information signals. 

3. The apparatus of claim 1 in whi<^\ 

the input and output light beams are multicWier optical signals in which light beams are 
modulated by a respective multitude of carrier signals, the multitude carrier signals of the same light 
beam have mutually different radio frequency; 

the carrier signals of the same light beam are\ftiodulated by different respective information 

signals; 

the output carrier signals are modulated by the skme respective information signals as 
corresponding input carrier signals having lower frequencies; 

the output carrier signals have different respective radio frequencies all within a frequency 
band with a band width of approximately less than one octave, so that, the maximum frequency of a 
carrier in the band is less than or equal to approximately 2\fmes the minimum frequency of a carrier 



in the band, so that, essentially all second order distortions if the multicarrier signal can be filtered 
out; \ 

the output carrier signals have radio frequencies within a frequency band with a width of 
approximately less than half an octave, so that, the maximum^ftequency of a carrier in the band is 
less than or equal to approximately 1.5 times the minimum frequency of a carrier in the band, so 
that, essentially all fourth order distortions of the multicarrier signal can be filtered out; 

the multiple carrier signals of the input light beam have radio frequencies in a frequency 
band extending in a portion of the range between approximately 5\and 65 MHz and the 



corresponding carrier signals in the output light beam have radio frequencies in a band with a 
minimum carrier frequency above 400 MHz; 
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the apparatus further comprise^ one or more additional output optical paths to provide a 
plurality of output optical paths carrying respective output light beams which are multicarrier optical 
output signals including a first output light beam modulated by a multitude of carrier signals in a 
first frequency band and a second output light beam modulated by a multitude of carrier signals in a 
second frequency band, and in which the frequency bands do not overlap; 

the carrier frequencies of the first frequency band are all between approximately 200 MHz 
and approximately 800 MHz; and the carrier frequencies of the second frequency band are all 
between 300 MHz and 1200 MHz; \ 

the wavelengths of two of the outpM light beams are separated by a difference between 0.4 
nm and 1.6 nm. \ 

4. The apparatus of claim 1 in which: 
the optical up-converter means includes: 

optical receiver means for converting the input light beam carrying the input carrier signal 
into an input electronic current signal carrying the same input carrier signal; 

electronic up-converter means for converting the input electronic current signal modulated by 
the input carrier signal modulated by the information signal into an output electronic current signal 
modulated by the higher frequency output carriertsignal modulated by the same information signal; 
and \ 

optical transmitter means for converting thfe output electronic current signal carrying the 
higher frequency carrier signal into the output lighttbeam carrying the same higher frequency output 
carrier signal. \ 

5. The apparatus of claim 4 in which: \ 

the optical transmitter means includes a directly modulated laser; 
the optical transmitter means- includes a distributed feedback laser; 
the optical transmitter means includes a lens system; 

the optical transmitter means includes means fonbiasing the output electronic signal; 
the optical transmitter means includes a power amplifier; 
the optical receiver means includes a PIN photo-diode; 
the optical receiver means includes a preamplifier;! 
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the optical apparatus further comprises a controller to dynamically control the wavelength of 
the lasers during operation; 

the apparatus further comprise one <k more additional input optical paths, providing a 
plurality of input optical paths carrying respective input light beams modulated by respective input 
carrier signals modulated by a different respective information signals; the optical receiver means 
convert the plurality of input light beams into respective electronic input current signals carrying the 
respective input carrier signals; and the electronic up-converter means convert the plurality of input 
current signals carrying the input carrier signals into the output electronic current signal carrying 
output carrier signals with higher frequencies than the input carrier signals and carrying the same 
information signals; 

the electronic up-converter means includ^combining means for combining multiple 
electronic current signals into a single electronic aurrent signal; 

the apparatus further comprises one or moil additional output optical paths to provide a 
plurality of output optical paths carrying respective\butput light beams modulated by respective 
output carrier signals corresponding with the input carrier signals of the plurality of input light 
beams and having a radio frequency higher than the Mput carrier signals, the output carrier signals 
being modulated by the same information signals as tie corresponding input carrier signals; the 
electronic up-converter means convert the plurality ofuiput electronic current signals modulated by 
the input carrier signals modulated by the information signals into a plurality of output electronic 
current signals modulated by the higher frequency outpit carrier signals modulated by the same 
information signals; and the optical transmitter means convert the plurality of output electronic 
current signals carrying the higher frequency output carriter signals into respective output light beams 
carrying the same higher frequency output carrier signals in the output optical paths; and 

the combining means convert 4 or more input electronic signals into one output electronic 

signal. 



6. A wavelength multiplexing fiber-hub, using the apparatus of claim 1, comprising; 

a multitude of return signal input optical paths carrying different respective return input light 
beams each modulated by a different respective multitude of return input carrier signals, for each 
return input light beam, the respective multitude of return inpuftcarrier signals are modulated by 
different respective return information signals and each have a different radio frequency; 



s:\be\spl5bea0.ber.doc 



700653 



a plurality of return signal output optical paths carrying respective return output light beams, 
each modulated by a respective multitude of return output carrier signals, and for each return output 
light beam, the respective multitude of return output carrier signals are modulated by a different one 
of the return information signals, the return output carrier signals each having a different radio 
frequency, the radio frequencies of the return output carrier signals being higher than the radio 
frequencies of the return input carrier signals; 

optical up-converter means for concerting the multitude of return input light beams carrying 
the return input carrier signals carrying the Aeturn information signals into the plurality of return 
output light beams carrying the higher frequency return output carrier signals carrying the return 
information signals; and \ 

signal routing means including return Combining means for combining the return output light 
beams from the plurality of return output optiqal paths into a common hub optical fiber. 

7. The hub of claim 6, in which: \ 

the hub further comprises a multitude of Forward signal optical paths carrying respective 
forward light beams modulated by respective multitudes of forward carrier signals, and for each 
forward light beam, each forward carrier signal islmodulated by a different respective forward 
information signal and each forward carrier signal\has a different radio frequency; 

the hub further comprises common node fitters for respective return input optical paths; and 
the signal routing means routes respective forward light beams from respective forward signal 
optical paths into respective common node fibers arid routes respective return input signal from 
respective common node fiber into respective returnbnput optical paths, so that, in each common 
node fiber, a forward light beam travels away from tAe hub and a return light beam travels toward 
the hub; 1 

the signal routing means includes a node waveflength division multiplexer for each common 
node fiber which routes respective forward light beamfe from respective forward signal optical paths 
into respective common node fibers and routes respective return input signal from respective 
common node fiber into respective return input optical paths; 

the signal routing means includes a hub wavelerigth division multiplexer for routing forward 
light beams from the common hub fiber into respective Forward signal optical paths; 
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the hub wavelength division multiplexer routes return light beams from forward signal 
optical paths into the common hub fibeA and 

the hub further comprises a broadcast signal optical path carrying a broadcast light beam 
modulated by a multitude of broadcast carrier signals modulated by different respective broadcast 
information signals, the broadcast carrier signals each have a different radio frequency; and the 
signal routing means include splitter means ffor dividing the broadcast light beam into a multitude of 
similar broadcast light beams in respective broadcast signal optical paths for respect common node 
fibers; and the node wavelength division multiplexers route the broadcast light beams from 
respective broadcast signal optical paths into respective common node fibers. 

8. A multiplexing fiber-hub, using tHjp apparatus of claim 1, comprising: 

a multitude of return input optical paths carrying respective return input light beams, each 
beam modulated by a multitude of return input carrier signals modulated by different corresponding 
return information signals, and for each return input light beam, the radio frequencies of the return 
input carrier signals of the return input light beam arte mutually different; 

a plurality of return output optical paths carrying respective return output light beams, each 
beam modulated by a multitudes of return output carriW signals respectively modulated by the same 
return information signals as corresponding return inpuft carrier signals, the return output carrier 
signals having a higher radio frequency than the return input carrier signals; 

optical receiver means for converting the multitude of return input light beams carrying the 
return input carrier signals into corresponding return inpunelectronic current signals carrying the 
same return input carrier signals; \ 

electronic up-converter means for converting the multitude of return input electronic current 
signals carrying the return input carrier signals carrying the return information signals into a plurality 
of return output electronic current signal carrying the higher frequency return output carrier signals 
carrying the same return information signals; \ 

optical transmitter means for converting each return outpbt electronic current signal carrying 
the higher frequency return output carrier signals into a corresponding return output light beam 
carrying the same higher frequency return output carrier signals in\an output optical path, each return 
output light beam having a different wavelength, so that, each one Wthe plurality of return output 
optical paths carries a corresponding one of the plurality of return output light beams; and 
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output routing means for combining the return output light beams from the plurality of return 
output optical paths into a common hub fiber carrying the plurality of return output light beams. 



9. An up-converter, comprising: 

receiving means for receiving a first plurality of multicarrier electronic first signals, each 
including a multitude of first carrier signalamodulated by different respective information signals, 
the frequency of the carrier, signals in the same multicarrier signal are all different, the frequencies of 
a plurality of the carrier signals of different first electronic signals are approximately the same, the 
first carrier signals of each first electronic signed being within the same first frequency band; 

conversion means for converting and combining the respective first signals into a single 
multicarrier electronic second signal including a Multitude of second carrier signals of mutually 
different respective frequencies and modulated respectively by the same information signals as the 
first signals, the frequencies of the second carrier signals are within a second frequency band, the 
maximum carrier frequency of the second band beiife at least 2 times higher than the maximum 
carrier frequency of the first band; and 

transmission means for transmitting the second} signal. 



^3 10. The up-converter of claim 9 in which: 

s the information signals of each first signal modulkte respective second carrier signals with 

J So frequencies within a different subband of the second frequency band; 
PL! the frequency band width of the first frequency banH is more than an octave; 

the frequency band width of the second frequency b*J|nd is less than an octave; 
%J the frequency band width of the second frequency baAd is less than half an octave; 

the minimum frequency of the second band is more th^p the maximum frequency of the first 

25 band; 

the minimum frequency of the second band is more than ^ times higher than the maximum 
frequency of the first band; 

the minimum frequency of the second band is more than approximately 6 times higher than 
the maximum frequency of the first band; 
30 the maximum frequency of the first frequency band is below l\)0 MHz and the minimum 

frequency of the second band is above 200 MHz; 
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the maximum frequency of the First frequency band is below approximately 65 MHz and the 
minimum frequency of the second band\s above approximately 300 MHz; and 

the maximum frequency of the fim frequency band is approximately above 5 MHz and 
approximately below 65 MHz, and the first band width is more than 3 octaves, and the minimum 
frequency of the second band is approximately above 200 MHz and approximately below 1000 
MHz, and the second band width is less thamhalf an octave. 

11. The up-converter of claim 9 in which: 

the receiving means communicates with respective coaxial cable networks to receive the first 
plurality of first electronic signals; \ 

the conversion means includes electronic frequency converters for converting the respective 
first electronic signals into different respective third multicarrier electronic signals the includes a 
portion of the second carrier signals with frequencies within a subband of the second frequency 
band; and a combiner for combining the third electronic signals into the second electronic signal; 
and \ 

the up-converter further comprises an optical transmitter for converting the single second 
electronic signal into a first multicarrier optical signal. \ 

12. The up-converter of claim 9 in which: \ 

the up-converter further comprises an optical transmitter for converting the single second 
electronic signal into a first multicarrier optical signal; and \ 
the conversion means includes: \ 

first frequency converters for converting the respective first electronic signals into different 
respective third multicarrier electronic signals, each including^ multitude of third carrier signals, the 
frequencies of the third carrier signals of each third electronic ignal being within a different 
subband of a third frequency band, the maximum frequency of me third frequency band being at 
least approximately the minimum frequency of the first frequency band plus the frequency band 
width of the first frequency band times the number of first multicirrier signals in the first plurality of 
signals; \ 

a combiner for combining the third electronic signals into ateingle fourth multicarrier 
electronic signal with third carrier signals in the third frequency banb; 
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first optical transmitter for converting the fourth electronic signal into a first multicarrier 
optical signal; 

an optical receiver for converting the first optical signal into a fifth multicarrier electronic 

signal; 

5 a second frequency converter for Converting the fifth electronic signal into the second 

electronic signal with second carrier signals in the second frequency band, the minimum frequency 
of the second frequency band being higher tl^an the maximum frequency of the third frequency band; 
and 

a second optical transmitter for conver^ng the single second signal into a second multicarrier 
10 optical signal. 



is- 

3 
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13. The up-converter of claim 9 in which: 

the receiving means includes a plurality of Optical receivers for converting respective first 
multicarrier optical signals respectively into the firs&plurality of first multicarrier electronic signals; 

the conversion means includes: frequency converters for converting the respective first 
electronic signals into different respective third multitkrrier electronic signals, each having a portion 
of the second carrier signals with carrier frequencies in\a different respective portion of the 
frequency band of the second carrier signals; and a combiner for combining the third electronic 
signals into the second electronic signal; and 

the up-converter further comprises an optical transmitter for converting the single second 
electronic signal into a second multicarrier optical signal. 



25 



30 



14. The up-converter of claim 9 in which: 

the receiving means communicates with respective cdaxial cable networks to receive fourth 
multicarrier electronic signals equal in number to the first plurality of first electronic signals; 

the receiving means includes optical transmitter meansYor converting the fourth electrical 
signals into respective first multicarrier optical signals; 

the receiving means includes optical receiver means for converting the first optical signals 
respectively into the first electronic signals; 

the conversion means include: frequency converter for concerting the respective first 
electronic signals into different respective third multicarrier electronic signals, each including a 
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portion of the second carrier signals \4ith frequencies within a subband of the second frequency 
band; and a combiner for combining t^e third electronic signals into the second electronic signal; 
and 

the up-converter further comprises an optical transmitter for converting the single second 
electronic signal into a second multicarrielt optical signal. 



10 
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15. A hybrid cable fiber node using the up-converter of claim 9, comprising: 

an enclosure containing the apparatusW the node; 

means for connecting a plurality of coabcial cable networks to the node; 

up-converter means for receiving a plurality of multicarrier first electronic return signals 
from respective coaxial cable networks, the multicarrier signals each including a multitude of carrier 
signals modulated by different respective information signals, the frequency of each carrier signal in 
the same multicarrier signal being different, with frequencies of the carrier signals of all the first 
return signals being within the same first frequenc>\band, and for converting the respective first 
electronic return signals into different respective sedbnd electronic return signals with frequencies of 
the carrier signals of each second return signal withiAa different subband of a second frequency 
band with a frequency band width that is less than onaoctave; 

first electronic combining means for combining the second electronic return signals into a 
single third electronic return signal with frequencies of Aarrier signals within the second frequency 
band; 

means for connecting a first optical fiber for carryLg the optical signal from the node; and 
optical transmitter means for converting the third electronic return signal into a first optical 
return signal. 



25 16. The node of claim 15, in which: 

the node further comprises: first optical receiver meanis for converting a forward optical 
signal into a respective electronic forward signal in one or morfe of the coaxial cable networks; and 
filter means for separating the first electronic return optical sigrfals from the electronic forward 
signals in respective coaxial cable networks and providing the firpt return signals to the up-converter 

30 means. 
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17. The node of claim 16,\in which: 
the optical receiver means anqthe optical transmitter means communicate with the same end 

of a common optical fiber; 

the node further comprises: 

second optical receiver means fo^ converting an optical broadcast signal into an electronic 
broadcast signal; and 

second electronic combiner means\for combining the electronic broadcast signal with each of 
the electronic forward signals. 

18. A communication system using the up-converter of claim 9, comprising: 
a multitude of optical fibers; 

gateway means for providing a plurality of first analog electronic broadcast signals; and 

\ 

first modulating means for modulating ^multitude of first carrier signals with the first 
electronic broadcast signals; 

first combining means for combining the modulated first carrier signals into a second 
multicarrier electronic broadcast signal; 

first optical transmitter means for converting the second broadcast signal into a multicarrier 
optical broadcast signal; 

optical routing means for splitting the optical\broadcast signal into a plurality of multicarrier 
optical broadcast node signals in respective optical fijpers; 

a multitude of coaxial cable networks the gateway means provide a multitude of first 
electronic service signals for computer and telephone communications services, the first electronic 
service signals being divided into a multitude of destination groups, each destination group including 
a multitude of information signals for transmission to one or more of the coaxial cable networks; 

first receiver means for converting the optical broadcast node signals into respective third 
electronic multicarrier broadcast signals in the coaxial cat\e networks; 



customer interface means connected to the coaxial <\aple networks for receiving the third 
electronic broadcast signals; 

second modulating means for modulating groups of second carrier signals with respective 
groups of first electronic service signals; 
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second combining means for combining the modulated second carrier signals of each group 
into a respective second multicarrier electronic service signal; 

second optical transmitter means for converting the second service signals into respective 
multicarrier optical service signals; \ 

the optical routing means multiplexes a plurality of the optical service signals into each fiber 
of a plurality of common optical fibers for respective fiber-hubs, and for each common fiber, the 
optical service signals in the fiber having different optical wavelengths; and wavelength 
demultiplexes the plurality of optical service sianals from each common optical fiber into respective 
optical fibers; n 

the first receiver means convert the optical service signals in the respective fibers into 
respective third electronic multicarrier service signals in the coaxial cable networks; 

the customer interface means receive the tmrd electronic service signals; 

the customer interface means provide a multitude of first electronic multicarrier return 
signals, each first electronic return signal including a multitude of third carrier signals modulated by 
different respective information signals, the frequency of the carrier signals in the same multicarrier 
signal are all different, the frequencies of a plurality ofithe third carrier signals of the first electronic 
return signals are approximately the same as other firstWectronic return signals, the frequencies of 
the third carrier signals of each first electronic return signal being within the same first frequency 
band; \ 

electronic up-conversion means for converting theWst electronic return signals into 
respective second multicarrier electronic return signals each with a respective multitudes of fourth 
carrier signals corresponding to respective third carrier signals, for each second return signal the 
multitude of carrier signals have mutually different respective frequencies, the fourth carrier signals 
being modulated respectively by the same information signals as corresponding third carrier signals; 

second combining means for combing groups of second electronic return signals into 
respective third multicarrier electronic return signals, with frequencies of the fourth carrier signals 
within a second frequency band, the minimum carrier frequency of the second band being higher 
than the maximum carrier frequency of the first band; \ 

third optical transmitter means for converting the multitude of second electronic return 
signals into respective first multicarrier optical return signals in respective optical fibers; 
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the optical routing means multiplexes a group of multiple first optical return signals from 
respective optical fibers into each fibeAof multiple common optical fibers, for each common fiber, 
the first optical return signals in the fiber have different optical wavelengths; and wavelength 
demultiplexes the multiple first optical return signals from each common optical fiber; 

second receiver means for converting the first optical return signals into respective third 
multicarrier return signals; 

separating means for separating eactt of the fourth carrier signals from each of the third 
return signals; and 

demodulating means for extracting thewnformation signals from respective fourth carrier 
signals and providing the extracted informatiomsignals to the gateway means; 

and in which the gateway means receive the extracted information signals. 

19. A method of providing optical communications, comprising the steps of: 
providing an electronic multicarrier communication signal; 

converting the multicarrier electronic communication signal into a first multicarrier optical 
communication signal including a multitude of carriSrtsignals modulated by respective information 
signals, with the frequencies of the carrier signals different from each other and within a first 
frequency band; and 

converting the first multicarrier optical signal intb a second multicarrier optical signal 
including a multitude of carrier signals with frequencies \ a second frequency band with a minimum 
frequency higher than a maximum frequency of the first frequency band. 

20. The method of claim 19 in which: 
the method further comprises: providing a third multicarrier optical return signal including a 

multitude of carrier signals with frequencies in a third frequency band with a minimum frequency 
higher than a maximum frequency of the first frequency band ahd a wavelength sufficiently different 
from a wavelength of the second frequency band, so that, the optical signals can be combined 
together into one optical fiber and separated by a wavelength division demultiplexer; and combining 
the second and third optical return signals into the same optical fiber; 
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the second and third frequency bands have different non-overlapping ranges, so that, the 
minimum frequency of any carrier signal in the third frequency band is less than the maximum 
frequency of any carrier signal in the second frequency band; 

the minimum frequencies of carrier signals in the second and third frequency bands are at 
least 4 times higher than the maximum frequency of the carrier signals in the first frequency band; 

the minimum frequencies of carrier signals in the second frequency bands is at least 
approximately 200 MHz; \ 

the minimum frequencies of carrier signals in the second frequency bands is at least 
approximately 400 MHz; \ 

the maximum frequency of the third frequency band is less than 1400 MHz; 

the width of the second and third frequency bands are less than an octave; 

the width of the second and third freqifency bands are less than half an octave. 

21. The method of providing optical! communications, of claim 19, comprising the steps 

of: \ 

providing a respective multitude of customer interface units connected to each of a multitude 
of coaxial cable networks; \ 

generating a first electronic multicarrier signals in each of the coaxial cable networks, using 
. the multitude of the customer interface units connected to each network, with the frequencies of 
carrier signals of the first electronic signal in each coVxial network in the same first frequency band; 

providing one or more hybrid fiber cable nodes; 

providing one or more optical fibers; \ 

converting one or more forward multicarrier optical signals from one of the optical fibers into 
forward multicarrier electronic signals in the coaxial cab\e networks; 

separating the multitude of first electronic signalsVn the coaxial cable networks into a 
multitude of separated first electronic signals in the nodes! 

first converting a first plurality of separated first electronic signals in the nodes into a single 
second electronic multicarrier signal with frequencies of carrier signals in a second frequency band 
having a minimum carrier frequency higher than a maximuiA carrier frequency of the first frequency 
band and a width of the second frequency band is less than oire octave; and 
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second converting the second dJectronic signal into a first optical multicarrier signal in a first 
one of the optical fibers, with frequencies of carrier signals in the second frequency band. 

22. The method of claim 21 inWhich: 

the method further comprises third converting a second plurality of separated first electronic 
signals in the nodes into a single third electronic multicarrier signal with frequencies of carrier 
signals in a third frequency band having a minimum carrier frequency higher than a maximum 
carrier frequency of the first frequency band and a frequency band width of less than one octave; and 

the method further comprises fourth converting the third electronic signal into a second 
optical multicarrier signal in the first one of the\optical fibers, with frequencies of carrier signals in 
the third frequency band and a light wavelengthWficiently different from a light wavelength of the 
first optical signal, so that, the first and second otitical signals can be separated by a wavelength 
division demultiplexer. \ 

23. The method of claim 21 in which: \ 

the method further comprises providing a fibW-hub; 
and the first converting includes: \ 

third converting the first plurality of separated Virst electronic signals in the nodes into a 
corresponding plurality of second optical signals in ondor more of the optical fibers, with 
frequencies of carrier signals in a third frequency band; \ 

fourth converting the plurality of second optical signals in the one or more optical fibers into 
one or more third electronic multicarrier signals in the hub, with frequencies of carrier signals in the 
third frequency band; \ 

fifth converting the frequencies and combining the (Wrier signals of the third electronic 
signals to provide the single second electronic signal. \ 

24. The method of claim 23 in which: \ 

there are a plurality of nodes and each of the nodes is connected to a single respective coaxial 
cable network; \ 
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the third converting uses a respective optical transmitter in each node to provide the second 
optical signals in different respective op^jcal fibers with frequencies of the carrier signals in the first 
band; 

the fourth converting converts eacfa of the second optical signals in a respective optical fiber 
into a respective third electronic signal witn frequencies in the third band; 

the frequency ranges of the first andlthird bands are approximately equal; 

the fifth converting includes: converting the frequencies of carrier signals of the third 
electronic signals to provide respective fourtft electronic signals each with carrier frequencies in a 
different subband of the second frequency bartd; and combining the fourth electronic signals into the 
single second electronic signal. 

25. The method of claim 21 in whichuhe first converting includes: 
third converting the plurality of separatedlfirst electronic signals in the nodes into a plurality 

of respective third electronic multicarrier signals Wh frequencies of carrier signals of each third 
electronic signal in a different subband of a third frequency band having maximum carrier frequency 
at least equal to the minimum carrier frequency of fflie first frequency band plus the number of 
second electronic signals converted into the first optical signal times the width of the first frequency 
band; 

fourth converting the plurality of third electronic signals into the second signal. 

26. The method of claim 25 in which: 
the third frequency band of the third electronic signals has the same frequency range as the 

second frequency band of the second electronic signals; 

and the first converting further includes combinin^the third electronic signals to form the 
second electronic signals. 

27. The method of claim 25 in which: 
the method further comprises providing a fiber-hub; 

the maximum carrier frequency of the third frequency\|)and is less then the minimum carrier 
frequency of the second frequency band; 
the third converting includes: 
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combining the plurality of third Electronic signals into a single fourth electronic signal with 
frequencies of carrier signals in the third Vrequency band; 

fifth converting the fourth electronic signal into a second optical multi-carrier signal in one of 
the optical fibers with frequencies of carriensignals in the third frequency band; 

sixth converting the second optical signal in the optical fiber into a fifth electronic signal in 
the hub, which is approximately a duplicate orlthe fourth electronic signal; 

seventh converting the fifth electronic signal with frequencies of carrier signals in the third 
frequency band into the second electronic signaRwith frequencies of carrier signals in the second 
frequency band. \ 
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